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(57) ABSTRACT

A PCM cell structure comprises a first electrode, a phase
change element, and a second electrode, wherein the phase
change element 1s inserted 1n between the first electrode and
the second electrode and only the peripheral edge of the first
clectrode contacts the phase change element thereby reducing
the contact area between the phase change element and the
first electrode and thereby increasing the current density
through the phase change element and effectively inducing
the phase change at lower levels of current and reduced pro-
gramming power.
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FORM AN ILD LAYER ON THE TOP OF A SEMICONDUCTOR
SUBSTRATE AND THEN FORM A VIA HOLE THEREIN TA
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COAT VIA HOLE WITH A THIN FILM & DEPOSIT A
BLANKET LAYER OF CONDUCTIVE MATERIALOVER THE
TOP OF THE DEVICE; AND THEN PLANARIZE TO FORM

A CONDUCTIVE VIA IN THE VIA HOLE

—B

FORM A FIRST DIELECTRIC LAYER WITH AN
ELECTRODE PATTERN HOLE THERETHROUGH LOCATED 1 C
OVER THE VIA & THE ILD LAYER

DEPOSIT A THIN FILM, CONFORMAL, CONDUCTIVE
LOWER ELECTRODE, LINER LAYER OVER THE 4D
FIRST DIELECTRIC LAYER

DEPOSIT A BLANKET SECOND DIELECTRIC INSULATOR
LAYER OVER THE DEVICE FILLING THE PATTERN e
HOLE & PLANARIZE TO THE TOP SURFACE OF THE 1

LOWER ELECTRODE, LINER LAYER

e

REMOVE EXPOSED PORTIONS OF THE LOWER ELECTRODE,
LINER LAYER FROM ABOVE THE FIRST DIELECTRIC LAYER —F
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DEPOSIT A BLANKET PHASE CHANGE FILM OVER THE
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PHASE CHANGE MEMORY ELEMENT WITH
A PERIPHERAL CONNECTION TO A THIN
FILM ELECTRODE

This application 1s a division of U.S. patent application

entitled “Phase Change Memory Element with a Peripheral
Connection to a Thin Film Electrode™, Ser. No. 11/394,263

filed 30 Mar. 2006, now abandoned.

BACKGROUND

The present invention relates to memory devices, and more
particularly phase Change Memory (PCM) cell structures.

Recently nonvolatile chalcogenide Random Access
Memory (RAM) devices, made of the germanium-antimony-
tellurium (Ge2Sb2Te5) chalcogenmide material, have been
regarded as the most promising next-generation memory
devices. The term “chalcogen” refers to the Group VI ele-
ments ol the periodic table; and the term “chalcogenide”™
refers to alloys containing at least one of these elements, e.g.
the alloy of germanium, antimony, and tellurium, etc. Chal-
cogenide materials have been used in PCM devices, espe-
cially in both rewritable Compact Disk (CD) and Digital
Video Disk or Dagital Versatile Disc (DVD) devices. This
kind of memory when itroduced into semiconductor chips
has many advantages over others in areas, e.g. scalability,
high sensing margin, low energy consumption, and cycling
endurance. In a common design for chalcogenide memory
cells, the data 1s stored 1n a flat chalcogenide layer that can be
deposited near the end of the CMOS 1nterconnect process
making it ideal for embedded applications.

A chalcogenide memory element can be programmed and
reprogrammed mnto high/low resistance states. In short, when
a chalcogenide memory element 1s 1n the amorphous phase
(or so called RESET state) it has high resistance; when 1t 1s 1n
the crystalline phase, 1t shows low resistance (or called SET
state). The resistance ratio between two SET and RESET
states can be greater than 1,000 times, which provides high
sensing margins.

FIG. 1 shows the current voltage (I-V) characteristics of the
germanium-antimony-tellurium (Ge2Sb2TeS) chalcogenide
material which 1s bistable. When the applied voltage V of the
amorphous chalcogenide material exceeds the threshold volt-
age (Vt), threshold switching occurs and the matenal turns
from an “OFF” state with low current level into a dynamic
“ON” state with high current. In the ON state, the carrier
concentration 1s high and the resistance 1s as low as that 1n the
crystalline state.

Adequate energy must be driven into the device to change
state from the “RESET” state to the “SET” state in the
dynamic ON state for a device 1n the RESET state. FIG. 2
shows that to ensure SET programming of a device the tem-
perature must be above the crystallization temperature (1x)
and which must be held for a certain period of time (12).

On the other hand, FIG. 2 also shows that for a “reset
program” or changing a cell from SET to RESET, enough
energy must be driven mto the Chalcogenide device and the
local temperature must rise above the melting temperature
(Tm). A shorter period of time should be spent above Tm to
avold heating the surrounding materials. It 1s critical that a
rapid quenching interval (t1) 1s requured after the local heating,
interval to return to the amorphous phase (RESET).

Because the rate of Joule heating of the phase change
material during the RESET and SET cycles 1s determined
largely by current density, reducing the contact area between
the phase change material and the adjacent electrode 1s sui-
ficient to reduce the switched volume. For example, during
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the RESET cycle, 1t 1s not necessary to melt the entire volume
of phase change material 11 the current density, and thus Joule
heating rate, and thus material temperature, 1s high enough to
melt the material near one of the electrodes. Once enough
material has been amorphized to span the breadth of the
current path through the cell, the overall resistance of the cell
will be high. Similarly, durmg the SET cycle, the overall cell
resistance will fall once a suiliciently broad path of crystalline
material 1s formed. In both cases, adjacent material may be
left 1n the opposite state without alfecting the overall cell
resistance significantly.

To read a chalcogenide memory device, a “READ” voltage
1s applied on the device; thus permitting detection of the
current difference resulting from the different device resis-
tance. The read voltage must be lower than the threshold
voltage (e.g. 1.2V) to avoid changing the state of the material.

Currently, chalcogenide devices are used in reversible
(RW) optical information storage devices, e.g. CD-RW and
DVD-RW disks. Compounds, ¢.g. a germanium-antimony-
tellurium matenial (Ge2Sb2Te5), can change phase from
amorphous to crystalline 1n about 50 ns after proper exposure
to radiation from a laser beam. However, the crystallization
speed of a germanium-antimony-tellurium maternal tends to
decrease with thinner films. To avoid this, 1t 1s suggested that
tin be doped into a Ge—Sb—Te compound to form a
Ge—Sb—Sn—Te compound and increase the crystallization
speed.

TABLE 1
Binary Ternary Quaternary
(7aSb Ge,Sbh,Tes AgInSbTe
InSb InSbTe (GeSn)SbTe
InSe GeSeTe GeSb(SeTle)
SboTe, SnSbyTe, TegGe 55b5S5
GeTe InSbhGe

A simplified cell structure of chalcogenide PCM type of
memory comprises a conventional MOS FET transfer tran-
sistor connected to a memory cell. One source/Drain (S/D)
junction of the transistor 1s connected to a metal wire called a
bit-line. The other S/D junction of the MOS FET 1s connected
to the memory element. The gate electrode of the transistor 1s
connected to another metal line called the word-line. The
PCM element comprises a sandwich of top electrode, a
bistable dielectric, and a bottom electrode. Both electrodes
are made of metal or refractory metal, while the bistable
dielectric 1s a thin layer of a chalcogenide matenal.

As to the cycling endurance of a chalcogenide memory
clement, 1t has been reported by Lai et al. that one can conduct
more than 1E12 set/reset cycles, which 1s much higher than a
conventional Flash memory (about 1EJ3). The report was
made by Stefan Lai et al. in “Current Status of the Phase
Change Memory and its Future” Electron Devices Meeting,
2003. IEDM 2003 Technical Digest. IEEE International 8-10
December *03, Pages: 10.1.1-10.1.4

Application of this class of PCM to a practical multi-bat
memory device requires two additional characteristics
beyond those discussed above as follows: the volume of
switched matenial (1.e., the material which changes phase)
must be small, so that the currents required during the Set
cycles and the Reset cycles are not excessive; and the many
memory cells 1 the multi-bit device must be suiliciently
similar to each other than that good separation between the
Set and Reset currents 1s maintained.

I1 the switched volume 1s too large relative to the technol-
ogy node at which the transistors are fabricated, the power
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required to switch that material (particularly during the Reset
cycle) will be higher than the transistors connected to the
PCM device can support reliably. Simulations and other stud-
ies have suggested that appropriate dimensions for the
switched material will be on the order of one half (12) or one
quarter (V/4) of the nominal technology node. Thus, for the 90
nm node, the memory cell will need to have characteristic
dimensions in the 30-30 nm range. This 1s well below the
lithographic capabilities defined for that technology node;
and because the capacity for power delivery scales down with
the technology node, it will be required that the PCM device
will be sublithographic at all nodes.

Furthermore, accurate control of the memory cell dimen-
s1ons 1s essential. If the dimensions vary excessively, on an
all-cells/all-die/all-days basis, there 1s a risk that the current
applied during the Reset pulse may actually set the material in
some cells, and vice-versa.

Thus, the principal challenge in fabricating practical
memory devices 1s 1 producing and controlling dimensions
well below the norms for standard photolithography.

This mmvention 1s one of several approaches designed to
reduce the effective dimensions of the memory cell through
additional processing after lithography. Other approaches
include “trimming” photoresist blocks prior to transferring
theirr dimensions into phase change materials, depositing
phase change material 1n holes or trenches whose sidewalls
have been intentionally tapered to provide a smaller contact
area at the bottom of the hole than was defined by lithography
at the top, and depositing dielectric liners 1nside convention-
ally-defined holes to reduce their dimensions prior to filling
them with phase change material.

Several prior art PCM cell designs have been reported. In
the La1 et al. paper described above, “Current Status of the
Phase Change Memory and 1ts Future,” FIGS. 7A/7B therein
show configurations in which use 1s made of edge contact to
reduce switching current. The PCM device includes a top
clectrode contact TEC, a top electrode TE, a chalcogenide
PCM (GeSbT) layer GST, a bottom electrode BE, and a
bottom electrode contact BEC. The programming current 1s
significantly reduced by using an edge instead of conven-
tional top and bottom electrode contact. The programmable
volume 1n diagram 7B 1s much smaller than that of the con-
ventional design.

Another prior art approach 1s embodied 1n U.S. Pat. No.
6,764,894 B2, of Lowrey entitled “Elevated Pore Phase-
Change Memory.” As shown in FIG. 6 of Lowrey there 1s
Shallow trench 1solation (STI) 14, a base contact 16, a con-
ductor 18, a {ill insulator 20, cup-shape lower electrode 22,
sidewall spacers 24 composed of an 1nsulator, phase change
material 28 (e.g. Ge2Sb21e3d), and an upper electrode 30. The
Lowrey patent states “In some embodiments, a thermally
elficient device structure provides for improved device per-
formance by reducing the required power for device program-
ming. The programmable media volume, represented by the
phase-change layer 28, 1s nearly surrounded by thermal 1nsu-
lation.”

U.S. Pat. No. 6,800,563 of Xu entitled “Forming Tapered
Lower Electrode Phase-Change Memories” shows 1n FIG. 7
thereol a conical substrate, a lower electrode, an upper elec-
trode, and phase change material. In Xu a tapered lower
clectrode stack 1s created by 1sotropic etching. That design
provides a relatively small surface area contacting with the
phase change material. When current 1s tlowing through the
clectrodes, the current density at the tapered contact 1s very
high leading to a rapid rise of temperature there. The Xu
patent indicates that the tapered shape of the lower electrode
reduces the contact area between the electrode and the phase-
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change material. This increases the resistance at the point of
contact, increasing the ability of the lower electrode to heat

the PCM layer.

U.S. Pat. No. 6,649,928, of Dennison entitled “Method to
Selectively Remove One Side of a Conductive Bottom Flec-
trode of a Phase-Change Memory Cell and Structure
Obtained Thereby,” relates to a PCM device including a lower
clectrode disposed 1n a recess of a first dielectric. The lower
clectrode comprises a first side and a second side. The first
side communicates to a volume of phase change material. The
second side has a length that 1s less than the first side. A
second dielectric, which may overlie the lower electrode, has
a shape that 1s substantially similar to the lower electrode. The
method of the Dennison invention includes providing a lower
clectrode material 1n a recess and removing at least a portion
ol the second side.

U.S. Pat. No. 6,791,102 of Johnson entitled “Phase Change
Memory” describes a PCM device with phase change mate-
rial having a bottom portion, a lateral portion, and a top
portion. The PCM device may include a first electrode mate-
rial contacting the bottom portion and the lateral portion of
the phase change material and a second electrode material
contacting the top portion of the phase change material. A first
conductive material 1s cup-shaped and surrounds the bottom
portion and the lateral portion of the phase change material. A
lower electrode which 1s cup shaped, circular, or ring-shaped
may be formed surrounding and contacting the lateral and
bottom surfaces of the PCM memory matenal.

U.S. Pat. No. 6,815,704 of Chen entitled “Phase Change
Memory Device Employing Thermally Insulating Voids™
describes a PCM device, and method of making the same, that
includes contact holes formed in insulation maternial that
extend down to and expose source regions for adjacent FET
transistors. Lower electrodes are disposed in the holes with
surfaces defining openings narrowed along a depth of the
opening by spacers. A layer of phase change material 1s
disposed along the spacer material surfaces and along the
lower electrodes. Upper electrodes are formed 1n the open-
ings and on the phase change material layer. Voids are formed
in the spacer material to impede heat from the phase change
material from conducting through the insulation material. For
cach contact hole, the upper electrode and phase change
maternal layer form an electrical current path that narrows as
the current path approaches the lower electrode. The electri-
cal current pulse flowing through the upper electrode gener-
ates heat, concentrated in the lower portion thereof, where
current density 1s greatest. The narrow current path of the
upper electrode produces a maximum current density and
maximum heat generation, adjacent to the memory material
to be programmed, minimizing the amplitude and duration of
clectrical programming for the PCM device. The spacers
surrounding the heating electrode increase the distance and
thermal 1solation between heating electrodes and program-
ming material layers from adjacent cells. An indentation
sharpens the tip of the upper electrode lower portion, focusing
heat generation at the chalcogenide material disposed directly
between the tip and the lower electrode. In one embodiment,
vo1ds 1solate the memory cells thermally.

U.S. Patent Application No. 2004/0113135 by Wicker
entitled “Shunted Phase Change Memory™ teaches that by
using a resistive-film shunt to carry a shunting current around
the amorphous phase change material the snapback exhibited
when transitioning from the reset state or amorphous phase of
a phase change material, may be largely reduced or elimi-
nated. The resistance from the resistive-film shunt may be
significantly higher than the set resistance of the memory
clement so that the phase change resistance difference is




US 7,923,712 B2

S

detectable. The resistive-film shunt may be sutficiently resis-
tive that 1t heats the phase change material and causes the
appropriate phase transitions without requiring a dielectric
breakdown of the phase change material. The resistance of the
resistive-film shunt may be low enough so that when voltages
are present which approach the threshold voltage of the
memory element, the resistive-film shunt heats significantly.
In other words, the resistance of the resistive-film shunt may
be higher than the set resistance and lower than the reset
resistance of the memory.

[,

SUMMARY OF THE INVENTION

In a first aspect of the invention, an apparatus 1s provided.
A first embodiment of the apparatus comprises a memory cell
with a reduction 1n switched volume through distribution of
the phase change material 1n a thin conformal layer 1n contact
with the edge of a thin film lower electrode which lines a

conventionally-defined hole with the phase change material
being either a round, or square, configuration or an alternative
convenient shape.

Because eflective heating of the phase change material
requires only a high current density, reducing the contact area
between the phase change material and one of the electrodes
1s sufficient to manage the power requirements. Thus, for
example, good performance can be obtained from a long,
narrow cylinder of phase change material, because the cross-
sectional area 1s small even if the length, and therefore total
volume of material, 1s large. Similarly, a conical or pyramidal
structure can form an efficient PCM cell 1f the contact area
between one electrode and the phase change material 1s small.

In accordance with this invention, the contact area between
the phase change material and one electrode (typically the
“upper” electrode) 1s made small by confimng the phase
change material to the outer perimeter of a feature of some
convenient shape (typically but not necessarily cylindrical).
The remainder of the feature cross-section 1s occupied by a
dielectric material.

If, for example, the feature 1s a cylinder of diameter d and
the adjacent electrode completely spans the end of the cylin-
der, the contact area between electrode and phase change
material will be given by mdt, where t 15 the thickness of the
phase change material as measured perpendicular to the wall
of the feature. Because t 1s typically controlled by film depo-
sition rather than lithography, t can be made much smaller
than d and therefore the contact area can be much smaller than
the rt(d/2)” which a solid cylinder of phase change material
would have. Similar arguments apply for non-cylindrical fea-
tures which may be of square, elliptical, star shaped, or other
alternative configurations.

In accordance with an aspect of this invention, a phase
change memory cell structure comprises a phase change ele-
ment, and a thin film electrode having a periphery. The phase
change element 1s electrically connected to at least a portion
of the periphery of the thin film electrode.

In accordance with another aspect of this mmvention a
method of forming a phase change memory cell structure
comprises forming a thin film electrode having a periphery,
and forming a phase change element over said periphery of
said thin film electrode. The phase change element 1s electri-
cally connected to at least a portion of the periphery of the thin
film electrode.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows the current voltage (I-V) characteristics of
Germanium-Antimony-Tellurium (Ge2Sb27Te5) chalcogen
material which 1s bistable.
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FIG. 2 shows that to ensure SET PROGRAMMING of a
chalcogenide PCM device the temperature must be above the

crystallization temperature (1x) and the temperature must be
held for a certain mimimum period of time (12). FIG. 2, shows
that to ensure RESET PROGRAMMING or to change a cell
from SET to RESET, suflicient energy must also be driven
into the chalcogenide PCM device and the local temperature
must be raised to above the melting temperature (Tm).

FIGS. 3A-10A show plan views and FIGS. 3B-10B show
corresponding sectional, elevation views taken along line
B-B' in FIGS. 3A-10A of a Phase Change Memory (PCM)
cell structure during performance of a process for manufac-
ture of the PCM cell structure of this invention as illustrated
by the tlow chart shown 1n FIG. 11.

FIGS. 9A" and 9B' show plan views and FIGS. 10A' and
10B' show corresponding cross-sectional views taken along
line B-B' 1n FIGS. 9A" and 9B' of an alternative PCM cell
structure 1n accordance with this mvention being manufac-
tured employing an alternative process illustrated by the tlow
chart shown 1n FIG. 12.

FIG. 11 1s a flow chart of a process 1n accordance with this
invention for manufacturing the PCM cell structure shown in
FIGS. 10A and 10B.

FIG. 12 1s a flow chart of an alternative process 1n accor-

dance with this invention for manufacturing a PCM cell struc-
ture as shown in FIGS. 10A' and 10B".

FIGS. 13A-18A show plan views and FIGS. 13B-18B
show corresponding sectional, elevational views taken along
line B-B'1n FIGS. 13A-18B of an alternative PCM cell struc-
ture during the performance of a process for manufacture of
the PCM cell structure of this invention as illustrated by the
flow chart shown in FIG. 19. FIG. 13A 15 a plan view of a
PCM device after performing step BA 1n FIG. 19. F1G. 13B 1s
a sectional view taken along line B-B' in FIG. 13A.

FIGS. 14A and 14B show the PCM device of FIGS. 13A
and 13B respectively after performing step BB 1n FIG. 19.

FIGS. 15A and 15B show the PCM device of FIGS. 14A
and 14B respectively after performing steps BC and BD 1n
FIG. 19.

FIGS. 16 A and 16B show the device of FIGS. 15A and 15B
respectively after performing step BE 1n FIG. 19.

FIGS. 17A and 17B show the PCM device of FIGS. 16A
and 16B after performing step BF 1n FIG. 19.

FIGS. 18A and 18B show the PCM device of FIGS. 17A
and 17B after performing step BG in FIG. 19.

FIG. 19 1s a flow chart of a process 1n accordance with this
invention for manufacturing the PCM cell structure shown 1n
FIGS. 18A and 18B.

FIG. 20A shows a plan view and FIG. 20B shows a corre-
sponding sectional, elevational view taken along line B-B' in
FIG. 20A of a PCM cell structure based on the device of
FIGS. 10A/10B which has been modified into a square con-
figuration.

FIG. 21 A shows a plan view and FIG. 21B shows a corre-
sponding sectional, elevational view taken along line B-B' in
FIG. 21A of a PCM cell structure based on the device of
FIGS. 18 A/18B modified into a square configuration.

DETAILED DESCRIPTION

The present invention provides an improved Phase Change
Memory (PCM) cell structure. By reducing the contact area
between the phase change material of the PCM cell and one of
the electrodes connected thereto, the resulting high current
density can induce the necessary heating and phase changes
within the PCM etlectively with relatively low current (and,
thus, low operating power).
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Prior art structures often attempt to realize this method of
operating power reduction, but are hampered by complex
integration schemes and designs that can result 1n poor uni-
formity across arrays of the memory elements. Uniformity 1s
necessary to ensure each element can be switched with the
same characteristic current pulse, and, although less difficult
with PCM, to ensure that each element’s readout resistance 1s
in a desired range for a “high” state and a “low” state—
without the two states overlapping. Complex integration
schemes are undesirable because they are expensive, and
offer greater chance of yield loss. This invention provides an
clegant means of creating a high-current-density structure
with extremely repeatable and uniform characteristics, and
with a minimum of process steps to reduce complexity and
yield loss.

FIGS. 3A-10A show plan views of a device 8 during per-
formance of Steps A-H 1n FIG. 11 and FIGS. 3B-10B show
corresponding sectional, elevation views of the device 8 taken
along line B-B' in FIGS. 3A-10A.

Step A

Step A 1s an early stage of the process illustrated by the flow
charts of FIGS. 11 and 12 for manufacturing a PCM device 8
shown 1n an 1nitial stage of manufacture in FIGS. 3A and 3B.
FIG. 3A 1s a plan view and FIG. 3B 1s a sectional view taken
along line B-B' 1n FIG. 3A of the PCM device 8 after per-
forming step A. FIG. 11 1s a flow chart for showing a process
flows for producing the PCM device 8 shown in FIGS. 10A
and 10B. FIG. 12 1s a flow chart for an alternative process flow
tor producing the PCM device 8' shown in FIG. 1A' and 10B'.

In step A, referring to FIGS. 3B, 11 and 12, at first an
interlevel dielectric (ILD) insulator layer 20 1s formed over
the top surface of a substrate 10 (e.g. a semiconductor chip).
Next, a photolithographic mask 22, e.g. photoresist (PR),
with window 22W therethrough shown in FIGS. 3A and 3B 1s
formed over the ILD insulator layer 20. Then by etching
through the window 22W, a via hole 24 1s formed 1n the ILD
insulator layer 20. The via hole 24 extends down through the
dielectric insulator 20 to the top surface of an element 21
which 1s located 1n the substrate 10 to provide contact with
circuitry in device 8, not shown for convenience of illustration
The element 21 comprises an underlying circuit element such
as an electrical conductor; a source contact, a drain contact, or
a gate contact of a CMOS transistor, or any other portion of a
memory chip which requires electrical contact with the phase
change memory element The depth of the element 21 and the
location of the bottom of the via hole 24 1s simply 1llustrative
that the depth 1s variable depending upon the depth of the
clectrical element 21 which 1s to be connected to the via 130
The ILD insulator layer 20 comprises a material, e.g. silicon
dioxide (S5102), or other low-k dielectric insulator materials.

In accordance with conventional semiconductor electronic
devices, underlayer structures including conventional micro-
clectronics devices and multilevel interconnect structures
may be included 1n the substrate 10 prior to commencing the
process of this invention.

Step B

FIGS. 4A and 4B show respective plan and cross-sectional
views ol device 8 of FIGS. 3A and 3B after coating the bottom
surtace and sidewalls of the via hole 24 with a thin film 26
composed of a conventional material, e.g. titantum, followed
by filling the via hole 24 by depositing a blanket layer of
conductive material 30 over the top of device 8 and the thin
film 26, thereby overfilling the via hole 24. Next, the PCM
device 8 1s planarized leaving an interconnect, conductive via
30 inside the space defined by the thin film 26 1n the via hole
24 with the top surface 32 of the via 30 being generally
coplanar with the top surface 20T of the ILD insulator layer
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20. The mnterconnect, conductive via 30 1s composed of a
conductive metallic material, e.g. tungsten (W), via formed
by lithographic patterning and a dry etch, e.g. Reactive Ion
Etch (RIE). The vertical height H of the via 30 may be 1n the
range of S nm to 1 um, preferably 100 nm to reduce capacitive
coupling and defect-induced leakage between other devices
on the substrate 10 which are not shown.

In summary, the via 30 1s embedded in ILD 1nsulator layer
20 by employing a damascene process which includes aniso-
tropic RIE masked by photoresist mask 22 with window 22W
therethrough forming via hole 24 as shown 1n FIGS. 3A and
3B. Then as shown FIGS. 4A and 4B, the thin film 26 1s
deposited followed by depositing the metal conductor 30
followed by Chemical-Mechanical Planarization (CMP), or
RIE etchback, as 1s known to those skilled in the art, on
substrate 10 for the first embodiment of the inventive struc-
ture.

Step C

FIGS. 5A and 5B show plan and cross-sectional views of
the structure of FIGS. 4A and 4B after forming a first dielec-
tric isulator layer 40 (e.g. silicon dioxide or other low-k
material ) with a thickness T over top surfaces of the via 30, the
thin film 26 and the ILD layer 20. Then a lower electrode
patterning hole S0H 1s formed 1n the first dielectric insulator
layer 40 over the top surface 32 of the via 30 to provide a form
for subsequent step of damascene processing of an annular
lower electrode 60E shown in FIGS. 10A/10B and 10A'/10B".
The step of patterning to form lower electrode pattern hole
50H 1s preferably performed by photolithography and aniso-
tropic dry etching of the first dielectric insulator layer 40. The
lower electrode patterming hole SOH in the first dielectric
isulator layer 40 serves to expose the top surface of the
conductive via 30 and the thin film 26 as well as a margin of
the ILD layer 20. The depth D of the pattern hole S0H 1n the
first dielectric insulator layer 40 1s set by the thickness T of the
first dielectric mnsulator layer 40 1n the range of from about 10
nm to about 1 um, preferably 300 nm. The width W of the
pattern hole S0H (or diameter 11 the hole 1s round) can be from
about 20 nm to about 1 um, preferably 200 nm.

Step D

FIGS. 6 A and 6B show plan and cross-sectional views of
the structure of FIGS. 5A and 3B after forming a thin, con-
formal, conductive, lower conductor liner layer 60L on
exposed surfaces of the device 8 including the top surface of
the first dielectric insulator layer 40, and the sidewalls and
bottom surfaces of the pattern hole 50H including the top
surface 32 of the conductive via 20, the thin film 26, as well as
a margin of the ILD layer 20. The lower conductor, liner layer
60L has been conformally deposited to make electrical con-
nection between the top surface of the via 30 and along the
sidewalls of pattern hole 50H. The lower conductor liner layer
60L comprise a thin film composed of a conductive material,
e.g. T1IN, TaN, TaTiN, TaSiN, Ta, W, or Ti, with a thickness
that 1s small relative to the characteristic dimensions of the
given technology node. For a node with characteristic via
diameter of 200 nm, a liner film thickness less than 50 nm
would be advantageous. Subsequent nodes with smaller char-
acteristic dimensions would favor thinner lower conductor
liner layers 60L.

Step E

FIGS. 7A/7B show plan and cross-sectional views of the
structure of FIGS. 6 A/6B aiter deposition of a blanket second
dielectric 1nsulator layer 65 composed of a matenal, e.g.
5102, S1IN, BN, S1C, S1CH, or low-k material, which 1s depos-
ited and planarized to the level of the top surface of lower
conductor liner layer 60L. Insulator 65 may be planarized by
CMP, or by a dry etching process, e.g. RIE. The excess por-
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tion of the second dielectric msulator layer 65 above the top
surface of first dielectric imsulator layer 40 1s removed from
the surface of the device 8 but remains filling the pattern hole
50H.

Step F

FIGS. 8A and 8B show plan and cross-sectional views of
the structure of FIGS. 7A and 7B after the top surface portion
of the conductive, lower conductor, liner layer 60L above the
top surface of first dielectric insulator layer 40 and aside from
the periphery of the pattern hole S0H has been removed at this
time by CMP, dry or wet etch, or removed 1n subsequent
processing as explained with respect to FIGS. 9A/9B' and
10A/10B'. The remainder of the lower conductor liner layer
60L comprises the lower conductor electrode 60E. With
respect to the alternative process of FI1G. 12, step F 1s omitted
and the process goes from step E to step G'. The result 1s that
the lower electrode 60F has a tlat bottom portion at the bottom
of the planarized insulator 65 with cylindrical side walls
assuming that the hole S0H 1s round extending up to the
surface of the first dielectric insulator layer 40. The top
peripheral edge 60P of the lower electrode 60E comprises an
annulus at the top of those hollow cylindrical side walls
thereot. If the hole 50H 1s not round then the configuration of
the periphery 60P of the lower electrode 60E corresponds to
the geometry of the hollow walls of the lower electrode 60E.

Step G

FIGS. 9A and 9B show plan and cross-sectional views of
the structure of FIGS. 8 A and 8B after a blanket phase change
matenal film 70F, e.g. a combination of GeSbSn'le or the
other materials discussed earlier, has been deposited which in
turn has been covered with a blanket conductive upper elec-
trode layer 80L..

Step H

FIGS. 10A and 10B show the device 8 after the, blanket
phase change material film 70F and the blanket conductive
upper electrode layer 80L FIGS. 9A and 9B have been pat-
terned by a method, e.g. Reactive Ion Etching (RIE), into a
PCM element 70E. As shown 1n FIGS. 10A and 10B, the
conductive upper electrode layer 80 and the phase change
material 70F have been etched 1n the pattern of mask 82 in
FIGS. 9A/9B to form the upper electrode 80E and the PCM
clement 70E. The resulting structure shown in FIGS. 10A and
10B has an electrical connection 75 between the annulus of
the lower conductor, liner layer 60 contained within pattern
50 and the phase change material of the PCM element 70E.

Steps G and H"

FIGS. 9A' and 9B' show plan and cross-sectional views of
the structure of FIGS. 7A and 7B i accordance with an
alternative process of steps A-E and G'-H' of the flow chart
shown 1 FIG. 12. If the top surface portion of the lower
conductor liner layer 60L. was not removed at this stage, 1.e.
betore depositing the phase change material layer 701, then
removal of unwanted portions of the lower conductor liner
layer 60L 1s deferred to step H'.

In other words, unwanted portions of the lower conductor
liner layer 60L are removed concomitantly with the pattern-
ing of the film of phase change material layer 70F and the
upper electrode 80 as shown 1n FIGS. 10A'/10B'. In this case,
the resulting structure will have a thin film of liner 60L
beneath the PCM element 70E and thus an electrical connec-
tion 85 1s provided between liner and the phase change mate-
rial in the PCM element 70E.

The liner can be advantageously used to improve readout
uniformity by limiting the high-resistance excursion of the
cell as 1t 1s switched to that state. For example, if the GST
resistance values are 100 Ohms for the low resistance state
and 1 MegOhm for the high resistance state, 1t may be ben-
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eficial to shunt the 1 MegOhm resistance with a 1 kOhm liner
film so that readout electronics can more easily handle the
difference between the two states, and so that 1t 1s easier to
deliver current for heating the element to switch 1t back to a
low resistance state. These advantages were enumerated pre-
viously 1n the Wicker U.S. Patent Application No. 2004/
0113135.

The use of such an underlying liner film in this device can
help mediate the resistance change to an opportune range of
values. It can also assist with bringing the cell resistance into
a manageable range for writing (e.g. without requiring high
voltage drivers to pass sulificient power into an device such as
a 1 MOhm device.) In addition, 1t can make device readout
resistances more uniform. As the current will still be crowded
into the thin annular liner region, suificient local heating will
take place to cause the cell to switch state even for reasonably
low drive currents.

For etther of the devices shown 1n FIGS. 10A/10B AND
10A'/10B', a further reduction 1n the contact area between the
annular electrode and the phase change material may be
accomplished by patterning the PCM element 70E and upper
clectrode 80 1n the horizontal dimension perpendicular to the
plane of the cross-sectional diagram 1n FIG. 10B. In this
proposed embodiment, the phase change material 70 contacts
only a portion of the periphery of the annular lower electrode
60FE. For the specific but not limiting example of a rectangular
phase change element 70E of width w straddling a round
annular lower electrode 60FE of diameter d and thickness t,
with w chosen to be smaller than d, the resulting contact area
would be on the order of 2wt versus mdt for the case of a phase
change element 70E fully covering the annular lower elec-
trode 60E. Similar reductions in contact area may be achieved
with other combinations of annulus and phase change ele-
ment shapes, and the specific shapes should be chosen
according to convenience ol fabrication, performance of {in-
1shed devices, or other such criteria.

An alternative embodiment for an mmventive structure is
shown 1n FIGS. 13A-18A which are plan views. FIGS. 13B-
18B are corresponding sectional, elevational views taken
along line B-B'in FIGS. 13A-18B of adevice 108, whichis an
embodiment of an alternative PCM cell structure during the
performance of a process for manufacture of the PCM cell
structure of this invention as illustrated by FIG. 19 which 1s a
flow chart of a process 1llustrated by the sequence of drawings
from the FIGS. 13A and 13B to FIGS. 18A and 18B 1n
accordance with this mvention for manufacturing the PCM
cell structure 108 shown 1n FIGS. 18A and 18B as well as the
PCM cell structure 218 shown in FIGS. 21A and 21B.

Step BA

FIGS. 13A and 13B show plan and sectional views of an
carly form of a PCM device 108 which 1s an alternative
embodiment of the ivention comprising a PCM device 108
(e.g. formed on a semi-conductor chip) in accordance with
Step BA 1n the process of FIG. 19. The PCM device 108
shown 1n an 1nitial stage of manufacture in FIGS. 13A and
13B. FIG. 13A 1s a plan view of the PCM device 108 after
performing step BA. FIG. 13B 1s a sectional view taken along
line B-B' in FIG. 13A. FIG. 19 1s a tlow chart for a process
flow for producing the PCM device 108 shown i FIGS.
18A/18B.

In step BA, as shown by FIGS. 13A and 13B, 1n a first step,
form a first dielectric layer, e.g. a first dielectric InterLevel
Dielectric (ILD) msulator layer 120 having a flat top surface
12071 The first dielectric ILD isulator layer 120 1s formed on
the top surface of a substrate 110 of the PCM device 108 The
first dielectric ILD 1nsulator layer 120 1s preferably thicker
than layer 20 in FIGS. 3B-10B. Next, a photolithographic
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mask 122, e.g. photoresist (PR), with a window 122W there-
through 1s formed over the top surface of the ILD insulator
layer 120. By etching through the window 122W, a via hole
124 1s formed in the first dielectric (ILD) insulator layer 120.
The via hole 124 extends to a depth H' in the first dielectric 5
(ILD) insulator layer 120 reaching down to expose the top
surface of the electrical element 121 which 1s below the ILD
insulator layer 120 aside from the via hole 124 The via hole
124 has been formed to receive a deposit therein of conduc-
tive material to be used to form a via 130 in step BB, as shown 10
in FIGS. 14A and 14B. The via 130 1s formed to provide
contact with circuitry in PCM device 108 not shown for
convenience of illustration. As shown in FIG. 13B, the bottom
surface 131 of the via hole 124 1s coplanar with the top surface
of the substrate 110. The first dielectric (ILD) insulator layer 15
120 comprises a material, e.g. silicon dioxide (S10,), or other
low-k dielectric 1nsulator materials. In this alternative
embodiment, the height of the conductive must be selected to
provide the resulting inventive structure without interfering,
with other interconnect or devices on the chip. The via height 20
may be 30 nm to 2 um, preferably 400 nm.

Step BB

FIGS. 14A and 14B show the PCM device 108 of FIGS.
13 A and 13B respectively after step BB 1in FIG. 19. In step BB
in FI1G. 19, first coat the via hole 124 with a thin film 126 and 25
then deposit a blanket layer of a conductive material 130 over
the top surface 12071 of the first dielectric ILD layer 120,
covering the exposed surfaces of the thin film 126 as well as
overfilling the via hole 124. Then planarize the PCM device
108 lowering the level of the blanket layer of the conductive 30
material 130 leaving the top surface 1207 of the first dielec-
tric ILD 1insulator layer 120 exposed, forming cylindrical,
conductive via 130 in the viahole 124 as described in Step BB
in FIG. 19. In FIG. 14B a cross-sectional view shows PCM
device 108 of FIG. 13B with the surfaces of the via hole 124 35
(shown 1n FIG. 13B) i ILD dielectric insulator layer 120
coated with a thin film 126 composed of a conventional mate-
rial, e.g. titantum, after which a conductive, interconnect via
130 was formed embedded 1n ILD dielectric insulator layer
120 1n substrate 110 by filling the via hole 124 by depositing 40
a blanket layer of conductive material 130 over the top of
device 108 and the thin film 126, thereby overfilling the via
hole 124. The via hole 124, with a depth of H', 1s deeper than
the via hole 24 in FIG. 4B. Next, the PCM device 108 1s
planarized leaving an interconnect, conductive via 130 inside 45
the space defined by the thin film 126 1n the via hole 124 with
the top end 132 of the conductive via 130 being generally

coplanar with the top surface 1207 of the ILD insulator layer
120.

Steps BC and BD 50

FIGS. 15A and 15B show the PCM device 108 of FIGS.
14 A and 14B respectively after steps BC and BD in FIG. 19.
In step BC deposit a thin, conformal, conductive, lower, first
clectrode, liner layer 160L over the planar top surface 12071 of
the first dielectric (ILD) nsulator layer 120 and the planar top 55
surface of the conductive via 130, and the top surface of the
thin film 126. Then 1n step BD, form a blanket insulating cap
layer 141L providing thermal and electrical msulation over
the lower electrode, liner layer 160L. Then form a cylindri-

cally shaped patterning mask 136 over the top surface of the 60
blanket insulating cap layer 141L as shown 1n FIGS. 15A and

15B. FIG. 15B shows the thin film 126; a planar, conductive,
lower electrode, liner layer 1601, of a thickness from about
10 nm to about 200 nm; and an insulating mask cap layer
1411, e.g. from about 10 nm to about 500 nm SiN, S1CN, or 65
S10 ., are deposited. Then form a cylindrical mask 136 over
the top surface of the msulating cap layer 141L located over
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the topend 132 (shown in FIG. 14B) of the conductive via 130
in the first dielectric ILD insulator layer 120. The lower
clectrode, liner layer 160L covers the top surface of the con-
ductive via 130 and need not be centered thereover. The lower
conductor liner layer 160L. comprises a thin film composed of
a conductive matenal, e.g. TiN, TaN, TaTiN, TaSiN, Ta, W, or
T1, with a thickness that 1s small relative to the characteristic
dimensions of the given technology node. For a node with
characteristic via diameter of 200 nm, a thickness of the liner
film 160L less than 50 nm would be advantageous. Subse-
quent nodes with smaller characteristic dimensions would
tavor correspondingly thinner liner layers 160L.

Step BE

FIGS. 16A and 16B show the PCM device 108 of FIGS.
15A and 15B respectively after step BE 1n FIG. 19 of etching
in the pattern of the cylindrical patterning mask 136 forming
a three level cylindrical stack CS from the layers. FIG. 16A 1s
a plan view showing a cylindrical photoresist mask 136
formed above the ILD mnsulator layer 120 with the via 130 (in
phantom) below the mask. FIG. 16B 1s an elevation of the
PCM device 108 with the ILD 1nsulator layer 120 etched back
aside from the three level cylindrical stack CS to a recessed
surface 120R aside from of the three level cylindrical stack
CS. The three level cylindrical stack CS includes the elevated
central portion 120C of the first ILD 1nsulator layer 120 with
the first electrode 160F thereabove and with the insulating
cap 141 ontop of the first electrode 160E. The elevated central
portion 120C, the first electrode 160E and the insulating cap
141 have vertical, aligned sidewalls on the circumierence
thereof. The aligned sidewalls include top vertical sidewalls
141S of the msulating cap 141 formed from the insulating cap
layer 141L, a first electrode 160E with middle vertical side-
walls 160S formed P from the lower electrode, liner layer
160L of FIG. 15B, and an upper nsulator region 120C with
base vertical sidewalls 120S formed from the first ILD 1nsu-
lator layer 120. The upper 1nsulator region 120C 1s a cylin-
drical region formed from the top portion of the first ILD
insulator layer 120 below the top surface 120T thereof. Top
vertical sidewalls 141S, the middle vertical sidewalls 160S,
and base vertical sidewalls 1208 are all oriented at a vertical
angle and aligned with each other. Thus, step BE forms a disk
shaped cylindrical insulating cap 141; a disk shaped, lower,
first electrode 160E; and a disk shaped upper insulator region
120C by etching away a partial thickness “R” of the first
dielectric (ILD) insulator layer 120. In sectional view FIG.
168 the planar, conductive, lower electrode 160E 1s shown
formed from liner layer 160L, insulating cap 141 formed
from cap layer 1411, and upper insulator region 120C formed
trom the top portion of the ILD dielectric, insulator layer 120,
which features are patterned using photolithography with a
mask 136 and anisotropic dry etch forming a cylindrical
patterned stack. The top vertical sidewalls formed by the cap
141 were formed from cap layer 141L. The middle vertical
sidewalls 160S of the disk-shaped lower, first electrode 160E
were formed from the lower electrode, liner layver 160L. The
base vertical sidewalls 120S were formed on the upper 1nsu-
lator region 120C of the ILD insulator layer 120. The planar
disk-shaped, lower, first electrode 160E 1s formed from the
lower electrode, liner layer 1601 with exposed edges on the
periphery thereol comprising the second vertical sidewalls
160S. The portion of the first dielectric (ILD) insulator layer
120 aside from the mask 136 1s recessed to a depth R below
the original top surface of the first dielectric (ILD) insulator
layer 120 leaving a cylindrical portion thereof beneath the
cylindrical isulating cap 141 and the first electrode 160E. A
region of the ILD dielectric, insulator layer 120 remains
masked by lower first electrode 160E, planar, liner disk 160L
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and cylindrical msulating cap 141. The depth “R” of the etch
into the first dielectric (ILD) insulator layer 120 masked by
cylindrical, insulating cap 141 may be from about O nm to
about 2 um, preferably 50 nm. As can be seen 1n FIG. 16B, the
lower, first electrode 160E, the cylindrical, imnsulating cap
141, and the mask 136 have matching, substantially vertical
sidewalls extending down below the top surface of the first
dielectric (ILD) layer 120 by the depth “R” with the top
surtface of the first dielectric (ILD) layer 120 aside from the
disk-shaped patterned stack.

Step BE

FIGS. 17A/178 show the PCM device 108 of FIGS. 16 A/
16B after step BF in FIG. 19 wherein a partially cylindrical,
conformal PCM film 170F was deposited covering the top
surfaces and surrounding the top vertical sidewalls 141S of
the cylindrical cap layer 141, the peripheral contact sidewalls
160S of the first electrode 160E, and the base vertical side-
walls 1208 of the upper msulator region 120C. As shown by
the drawings, a cylindrical portion of the conformal, PCM
f1lm 170F covers the top surface and covers and surrounds top
vertical sidewalls 1418 of the cylindrical cap layer 141, cov-
ers and surrounds the middle vertical sidewalls 160S of the
first electrode 160E and covers and surrounds the vertical
sidewalls 1208 of the upper insulator region 120C of the first
dielectric, ILD insulator layer 120. In FIGS. 17A and 17B the
mask 136 was stripped from the PCM device 108. Subse-
quently a blanket, conformal Phase Change Material (PCM)
film 170F has been deposited to cover the top surface includ-
ing the vertical sidewalls of the cylindrical, insulating cap 141
and the recessed first dielectric ILD 1nsulator layer 120 and
the vertical sidewalls 160S on the edges, 1.¢. the periphery, of
the disk shaped lower, first electrode 160E structure formed in
FIG. 16B. The exposed third, vertical sidewalls (surfaces)
160S on the periphery of the conductive, disk-shaped lower,
first electrode 160E are in direct contact with the PCM film
170F.

At the point 1n the process shown 1n FIG. 17B, the top
surface of the lower, first electrode 160F 1s electrically insu-
lated by the insulating cap 141 from the portion of the lower
surface of the Phase Change Material (PCM) film 170F,
located directly above the insulating cap 141. The phase
change material film 170F may be protected by a cap of
matenal, e.g. TiN, to enable 1t to be coarsely patterned so that
it 1s roughly centered on the stud, 1.e. conductive via 130,
including the isulating cap 141 and electrical element 121
beneath 1t. Depending on the protective material of the 1nsu-
lating cap 141 material, this can be done 1 a self-aligned
fashion using standard deposition techniques which deposit
thicker on raised surfaces, followed by a blanket “spacer”
etch.

Step BGr

FIGS. 18 A and 18B show a PCM cell structure 108. FIG.
18 A 1s aplan view of the PCM cell structure 108 with the solid
cylindrical upper electrode 180 surrounding the cylindrical
cap layer 141 (in phantom) and the cylindrical first dielectric
ILD msulator layer 120 with the lower conductor 160E with
its round disc shaped planar configuration. FIG. 18B shows
the result of forming a solid cylindrical upper electrode 180E
by deposition, photolithography, and etching. Alternatively, 1T
the phase-change material element 170E has not been pat-
terned earlier in Step BE, 1t can be patterned 1n the same step
as the patterning of electrode 180E. In another alternative
embodiment shown 1n FIG. 21A, the phase-change material
clement 170E 1s generally of rectangular or as a further alter-
natrve may be of an indeterminate configuration 1n that it 1s
shown as being coextensive with the substrate 110. Phase-
change material film 170F of FIG. 17A/17B now comprises
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as a phase-change element 170E below the upper electrode
180E. The periphery 160S of the planar exposed conductive,
lower electrode, liner layer 160E 1s in contact with the mnner
sidewalls of the vertical surface of the phase-change material
clement 170E. The peripheral contact extends around the

entire circumierence of disc shaped, conductive, lower elec-
trode 160E.

Electrode 180E can be a jumper (W, TiN, Ta, TaN) to
connect between the PCM element 170F and a nearby high-
current wire. Alternatively, electrode 180F can be the high-
current wire 1tself (e.g. Damascene copper.) The latter option
1s enabled by previous patterning of the phase change mate-
rial.

As inthe case of the first embodiment described earlier, this
alternative embodiment shown in FIGS. 18A and 18B also
supports further reduction of contact area via patterning of the
PCM element 170E and upper electrode 180E 1n the other
horizontal dimension.

FIG. 20A shows a plan view and FIG. 20B shows a corre-
sponding sectional, elevational view taken along line B-B' in
FIG. 20A of a device 208 with a PCM cell 70E' based on the
PCM cell structure of FIGS. 10A/10B. Device 208 has been
modified into a square configuration. The lower conductor
clectrode 60E' 1s of a hollow square configuration as seen 1n
the plan view of FIG. 20A 1nstead of a hollow, annular con-
figuration as 1n FIG. 10A. The PCM element 70E' and the
upper electrode 80E' have square configurations 1n the plan
view ol FIG. 20A. This modification 1s indicative of the fact
that the configurations of the devices may have many ditler-
ent geometric shapes exemplified by the two examples which

FIGS. 10A and 20A 1illustrate.

FIG. 21A and FIG. 21B show a PCM cell structure 218
based on the device 108 of FIGS. 18A/18B which has been
modified 1nto the patterned stack PS with cubic shape which
1s shown 1n a plan view 1n FIG. 18B with a square configu-
ration of a patterned trilayer stack PS. FIG. 21 A shows a plan
view ol the PCM cell structure 218 and FIG. 21B shows a
corresponding sectional, elevational view thereof taken along
line B-B'1n FIG. 21 A of the PCM cell structure 218 with the
same peripheral contact of a planar lower conductor 160E
with a PCM element 170E' structure based on the PCM cell
structure of FIGS. 18A/18B except that instead of a cylindri-
cal patterned stack CS that it 1s shown 1n FIGS. 21A/21B as a
patterned stack PS with a square corner configuration as seen
previously herein in the plan view of FIG. 20A. The square
corner lower conductor 1605’ 1s a planar square 1nstead of a
round disc shaped planar configuration as 1n FIG. 18A. In the
embodiment of FIG. 18A, the square comer 1nsulating cap
141 has a square configuration, and the upper region 120C 1s
a square block formed from the top surface of the first dielec-
tric (ILD) insulator layer 120. The square corner PCM ele-
ment 170E' has a rectangular configuration and upper elec-
trode 180E" has a square configuration 1n the plan view of
FIG. 20A. This modification of shapes in the plan view of
FIG. 21 A 1s1ndicative of the fact that the configurations of the
patterned stack of such devices may have many different
geometric shapes as 1s exemplified by the two examples
which FIGS. 18A and 21A 1illustrate, but while maintaining
the peripheral contact between the periphery of the lower
clectrodes 160 and 160" with the PCM cell structures 170FE
and 170E' respectively. Inthis case, as with F1IGS. 8A/18B the
PCM element 170E' covers and surrounds the periphery of the
planar lower conductor 160’

The foregoing description discloses only exemplary
embodiments of the mvention. Modifications of the above
disclosed apparatus and methods which fall within the scope
of the invention will be readily apparent to those of ordinary
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skill 1n the art. While this imnvention has been described 1n
terms of the above specific exemplary embodiment(s), those
skilled 1n the art will recogmize that the invention can be
practiced with modifications within the spirit and scope of the
appended claims, 1.e. changes can be made in form and detail,
without departing from the spirit and scope of the mvention.
Accordingly, while the present invention has been disclosed
in connection with exemplary embodiments thereof, it should
be understood that changes can be made to provide other
embodiments which may fall within the spirit and scope of the
invention and all such changes come within the purview of the
present invention and the invention encompasses the subject
matter defined by the following claims.

What 1s claimed 1s:

1. A phase change memory cell comprising:

a first dielectric layer having an upper region with a central
upper surface which 1s flat and a recessed region of said
first dielectric layer surrounding said upper region, with
said recessed region having a recessed surface lower
than said central upper surface;

said first dielectric layer including a via conductor extend-
ing therethrough having an upper surface coplanar with
said central upper surface;

a trilayer stack including said upper region of said first
dielectric layer, a lower electrode which 1s a planar, flat,
thin film formed on said central upper surface, and an
insulating cap of dielectric material formed on said
lower electrode;

said upper region, said lower electrode and said insulating
cap having aligned vertical sidewalls extending from a
top surface of said msulating cap down to said recessed
surface of said recessed region surrounding said trilayer
stack;

said recessed region extending aside from said trilayer
stack and said upper region, aside from said via conduc-
tor and aside from said central upper surface;

said lower electrode 1s 1n contact with a top surface of said
via conductor, said lower electrode layer having a
periphery;

a phase change element formed on said upper surface of
said imsulating cap on said aligned vertical sidewalls and
on said lower recessed surface with said periphery of
said lower electrode contacting said phase change ele-
ment at an angle to an inner surface thereof surrounding
said vertical sidewalls of said trilayer stack; and

an upper electrode formed over and in electrical contact
with said phase change element;

wherein said phase change element 1s electrically con-
nected to at least a portion of said periphery of said lower
clectrode.

2. The phase change memory cell structure of claim 1,

wherein said lower electrode 1s disk shaped.

3. The phase change memory cell structure of claim 1,

wherein:

said lower electrode 1s disk shaped and 1s disposed at an
angle with respect to an inner surface of said phase
change element; and

said lower electrode includes a portion oriented so that 1ts
contact with the phase change element provides a con-
ductive shunting path.

4. The phase change memory cell of claim 1 wherein:

said stack, including upper region of said first dielectric
clement 1s cylindrical;

said
said

 thin film lower electrode 1s disk shaped;
_cap layer 1s cylindrical; and

said

 phase change element 1s conformal with said 1nsulat-

ng cap.
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5. The phase change memory cell of claim 1 wherein:
said upper region of said first dielectric element 1s cylin-

drical;

said
said

lower electrode 1s disk shaped;
| cap layer 1s cylindrical; and

said

 phase change element 1s conformal with said insulat-

ing cap and includes a cylindrical portion covering top
and sidewall surfaces of said insulating cap.
6. The phase change memory cell of claim 1 wherein:

said
said
said

first dielectric element has square corners;
| lower electrode has square corners;
| msulating cap has square corners; and

said

 phase change element has square corners and 1s con-

formal with said insulating cap.
7. The phase change memory cell of claim 1 wherein:

Saic
Saic
Saic
Saic

first dielectric element 1s cylindrical;
| lower electrode 1s disk shaped;
msulating cap 1s cylindrical; and

 phase change element 1s conformal with said msulat-

ing cap and includes a cylindrical portion covering top
and sidewall surfaces of said insulating cap.

8. The phase change memory cell structure of claim 1,
wherein said phase change element 1s electrically connected
to said periphery of said lower electrode.

9. The phase change memory cell structure of claim
wherein said lower electrode 1s oriented so that its contact
with said phase change element provides a conductive shunt-
ing path.

10. A phase change memory cell, comprising:

a first dielectric layer having an upper region with a central
upper surface which is flat and a recessed region of said
first dielectric layer surrounding said upper region, with
said recessed region having a recessed surface lower
than said central upper surtace;

a trilayer stack including said upper region of said first
dielectric layer, a first electrode comprising a planar, flat,
thin film formed on said central upper surface, and an
insulating cap of dielectric material on said first elec-
trode with said trilayer stack being surrounded by verti-
cal sidewalls;

a phase change element;

said first electrode having a periphery;

a second electrode;

said phase change element being located between said first
clectrode and said second electrode having an inner
surface and a separate surface;

said phase change element surrounding said vertical side-
walls of said trilayer stack; and

said first electrode having said periphery of said first elec-
trode 1n electrical and mechanical contact with said
iner surface of said phase change element at a normal
angle to said inner surface and said separate surface of
said phase change element 1n electrical and mechanical
contact with said second electrode.

11. The phase change memory cell structure of claim 10
wherein said trilayer stack, imncluding said first electrode 1s
cylindrical 1n shape.

12. The phase change memory cell structure of claim 10,
wherein:

said flat thin film of said first electrode 1s disk shaped and

1s disposed at said normal angle with respect to said
iner surface of said phase change element; and

said first electrode includes a portion oriented so that con-

tact thereof with said phase change element provides a
conductive shunting path.




US 7,923,712 B2

17

13. The phase change memory cell structure of claim 10,
wherein:

said first electrode comprises a planar structure with a
periphery formed on said upper surface of a lower
dielectric layer and below an upper dielectric layer; and

said phase change element covers said upper region of said
first dielectric layer and said sidewalls.

14. The phase change memory cell structure of claim 13
wherein said first electrode 1s oriented so that said contact
with said phase change element provides a conductive shunt-
ing path.

15. A phase change memory cell, comprising:

a trilayer stack including an upper region of a first dielectric
layer having a central upper surface which 1s flat and
extends honizontally, a first electrode which 1s a planar,
tlat, thin film that 1s electrically conductive and having a
top surface, with said first electrode formed on top of
said central upper surface, and an msulating cap com-
prising a dielectric layer formed on said top surface of
said first electrode;

a via conductor extending through said first dielectric layer
with said via conductor having an exposed top end
coplanar with said central upper surtace;

said first dielectric layer having a recessed surface lower
than said central upper surface aside from said central
upper surface;

said insulating cap, said thin film lower electrode, and said
upper region of said first dielectric layer having aligned
vertical sidewalls extending between said central upper
surface and said recessed surface surrounding said
trilayer stack;

said first electrode having a lower surface 1n contact with
said exposed top end of said via conductor;

said mnsulating cap formed on said top surface of said first
clectrode above said central upper surface;

a second electrode which 1s electrically conductive;

a phase change element formed over said insulating cap
between said first electrode and said second electrode
with at least a portion of said periphery of said first
clectrode 1n electrical and mechanical contact with said
first electrode at an angle normal to an 1nner plane of said
phase change element and said phase change element
surrounding said vertical sidewalls of said trilayer stack;

10

15

20

25

30

35

40

18

said second electrode being 1n electrical and mechanical
contact with an outer plane of said phase change ele-
ment,

said first electrode being separated from said second elec-

trode; and

said phase change element formed over said upper surface

of said isulating cap, over said aligned vertical side-
walls of said first dielectric layer, over said vertical side-
walls of said insulating cap and over said periphery of
said first electrode;

whereby said phase change element 1s electrically con-

nected to said peripheral sidewalls of said first electrode.

16. The phase change memory cell structure of claim 15,
wherein said first electrode 1s disk shaped.

17. The phase change memory cell structure of claim 15,
wherein:

said first electrode 1s disk shaped and 1s disposed at an

angle with respect to a surface of said phase change
element; and

said first electrode includes a portion oriented so that con-

tact thereof with said phase change element provides a
conductive shunting path.

18. The phase change memory cell structure of claim 135,
wherein:

said first electrode comprises a planar structure with a

periphery and which 1s formed on said upper region of
said first dielectric layer and below said insulating cap
with said first dielectric layer and said insulating cap
having vertical sidewalls; and

said phase change element covers said insulating cap and

said vertical sidewalls and 1s 1n electrical contact with
said periphery of said thin film lower electrode.

19. The phase change memory cell structure of claim 18,
wherein said first electrode i1s oriented so that said contact
with said phase change element provides a conductive shunt-
ing path.

20. The phase change memory cell structure of claim 19
wherein said trilayer stack including said first electrode com-
prises a lower conductor which can have either a round or a
rectangular periphery.



	Front Page
	Drawings
	Specification
	Claims

